Weight training is an integral part of most athletic conditioning programs; yet, the effect of these programs on neuromuscular function remains unclear. 
sponse time of the agility group also significantly improved in the gastrocnemius, medial hamstring, and the lateral quadriceps muscles. Interestingly, the cortical response time of the medial hamstring and the medial quadriceps muscles in the isokinetic group slowed significantly, by 39.1 and 32.4 msec, respectively, after 6 weeks of training. Isotonic and isokinetic strength training of the lower extremities do not appear to improve muscle reaction time to anterior tibial translation, whereas agility exercises potentially improve this parameter.
Weight training and physical conditioning have become year-round requirements for sports, such as football and basketball, at the upper levels of competition. The physiologic effects of these progressive resistance exercise programs 10 have been investigated extensively, including the hormonal13 and electromyographic 7° 12 changes that result from training. These programs are designed to improve muscle strength, endurance, and skill while decreasing the chance of injury at susceptible joints such as the knee.' Strength and endurance are important muscle performance criteria for athletic endeavors; however, the biomechanical mechanisms by which these features protect the extremities against injury remain unclear.
Traditionally, strength has been emphasized as the most important element in training and conditioning programs designed to protect the knee. Muscle strength is quantifiable, and it is comparable with other anthropometric data, such as body weight. Strength in the quadriceps, hamstring, and gastrocnemius muscles can protect a knee only when joint compression is achieved in a timely fashion, which allows knee joint surface congruency to become a stabilizing element by resisting rotation or shear forces. Therefore, muscle reaction times and the time needed to generate peak muscle torque appear to be important parameters to consider in injury prevention because they determine how rapidly dynamic control can be activated to stabilize the knee against deforming forces.'
The neuromuscular effects of athletic training in the ACL-deficient knee have been investigated and direct correlations were found among muscle reaction time, instability symptoms, and athletic performance.21 How crucial muscle reaction times are to normal extremities for joint stabilization and injury prevention remains unknown 2,4; yet, the clinical importance of muscle reaction times seems obvious.'
The primary goal of our investigation was to determine the effects of various exercise regimens (isotonic, isokinetic, and agility) on the muscle reaction time and time to peak muscle torque of the muscles crossing the knee joint (i.e., the quadriceps, hamstring, and gastrocnemius muscles) that are capable of knee joint compression and may ultimately resist anterior tibial translation. The isotonic protocol consisted of 3 exercises (using the maximum weight resistance tolerated for 3 sets of 12 repetitions): leg press (knee extension), hamstring muscle curls (knee flexion), and calf muscle raises (ankle plantar flexion). For the leg press, the subjects sat at the leg press machine with their knees at 90° of flexion while pushing the weight to within 10° of full knee extension. The workout of the gastrocnemius and soleus muscles was also done on the leg press machine. The knees were at full extension while the midfoot was placed on the foot plate, thus allowing full plantar flexion and dorsiflexion at the ankle. The hamstring muscle curls were performed with the subjects in the seated position and their knees flexed from 0° to 90°. All subjects recorded their resistance improvements to monitor daily progress.
MATERIALS AND METHODS

Epidemiology
Agility Training Protocol
The agility training protocol consisted of five drills regularly used in ACL rehabilitation programs and had been used in a previous pilot study. These 
Strength
All strength testing at 0 and 6 weeks (peak torque and endurance) was performed on an isokinetic dynamometer (Table 1 ). The isokinetic group was significantly stronger in knee extension and ankle plantar flexion peak torque after 6 weeks of training when compared with the control, agility, and isotonic groups. Knee extension strength increased 7.2% and ankle plantar flexion strength improved 18.9%. No differences were found in the knee flexion peak torque after 6 weeks of training in the isokinetic group. Interestingly, no increase in isokinetic strength was found in the isotonic or the agility groups after the training 
Injuries
Unfortunately, an alarming number of participants in the isokinetic group developed knee pain during training. Three of the eight subjects in the isokinetic group developed patellar tendinitis and had to be removed from the study because of unacceptable levels of pain during the workouts. One subject in the agility group was removed from the study after 2 weeks because of a lateral ankle sprain that occurred while performing the carrioca drills.
DISCUSSION
The goal of our investigation was to determine which exercise regimen could improve the muscle reaction times of the quadriceps, hamstring, and gastrocnemius muscles needed to stabilize the knee joint against anterior tibial translation by joint compression and to see which exercise programs improve the time needed to reach peak muscle torque in muscles that cross the knee joint. Previous The apparent improvement in muscle reaction time and time to peak muscle torque seen with agility training may be attributed to the repetition of quick quadriceps-hamstring-gastrocnemius muscle contractions, which are needed to stabilize the knee joint during jumping, twisting, and pivoting. Although the isotonic and isokinetic programs did isolate and activate the same muscle groups, the emphasis on dynamic, coordinated muscle function was not the same. The isotonic and isokinetic programs used in this study emphasized strength acquisition and were performed at slower speeds than the agility training.
When tested isokinetically for peak torque, only knee extension and ankle plantar flexion in the isokinetic group improved significantly during the 6-week training period. The lack of improvement in knee flexion strength in this group was unexpected. However, the lack of isokinetic change in the agility and isotonic groups probably reflects the specificity of these training and testing modes. Although isotonic and agility performance improved during training, this improvement was not reflected in the results of the isokinetic strength tests. This lack of crossover is consistent with the results reported by Pipes and Wilmore, 18 who used isokinetic and isotonic strength training in adult men.
In general, the strength improvements experienced in a 6-week program can probably be attributed to improvements in neural activation rather than muscle hypertrophy 12,17,20 or improvements in body coordination.&dquo;, 16,19 This neural explanation for torque improvements is also reflected in the time to peak muscle torque changes seen with training (Fig. 2) .
The time to peak muscle torque data may be as important as the muscle reaction time data. To prevent injury, large muscle forces may be needed, making both muscle reaction time and time to peak muscle torque key parameters to study. At 60 deg/sec, which is a slow speed compared with activities of daily living (e.g., walking is approximately 220 deg/sec), most muscle groups showed improvement in the time to peak muscle torque after 6 weeks of training. Interestingly, the control group improved by an average of 11 msec, suggesting a learning effect with repeat testing. The agility group showed the largest change in the time to peak muscle torque for the quadriceps and hamstring muscles, although the changes were not significant (Fig. 2) 
